We investigated the identity and genetic diversity of more than 100 isolates belonging to Phyllosticta (teleomorph Guignardia), with particular emphasis on Phyllosticta citricarpa and Guignardia mangiferae s.l. occurring on Citrus. Phyllosticta citricarpa is the causal agent of Citrus Black Spot and is subject to phytosanitary legislation in the EU. This species is frequently confused with a taxon generally referred to as G. mangiferae, the presumed teleomorph of P. capitalensis, which is a non-pathogenic endophyte, commonly isolated from citrus leaves and fruits and a wide range of other hosts. DNA sequence analysis of the nrDNA internal transcribed spacer region (ITS1, 5.8S nrDNA, ITS2) and partial translation elongation factor 1-alpha (TEF1), actin and glyceraldehyde-3-phosphate dehydrogenase (GPDH) genes resolved nine clades correlating to seven known, and two apparently undescribed species. Phyllosticta citribraziliensis is newly described as an endophytic species occurring on Citrus in Brazil. An epitype is designated for P. citricarpa from material newly collected in Australia, which is distinct from P. citriasiana, presently only known on C. maxima from Asia. Phyllosticta bifrenariae is newly described for a species causing leaf and bulb spots on Bifrenaria harrisoniae (Orchidaceae) in Brazil. It is morphologically distinct from P. capitalensis, which was originally described from Stanhopea (Orchidaceae) in Brazil; an epitype is designated here. Guignardia mangiferae, which was originally described from Mangifera indica (Anacardiaceae) in India, is distinguished from the non-pathogenic endophyte, P. brazilianiae sp. nov., which is common on M. indica in Brazil. Furthermore, a combined phylogenetic tree revealed the P. capitalensis s.l. clade to be genetically distinct from the reference isolate of G. mangiferae. Several names are available for this clade, the oldest being P. capitalensis. These results suggest that endophytic, non-pathogenic isolates occurring on a wide host range would be more correctly referred to as P. capitalensis. However, more genes need to be analysed to fully resolve the morphological variation still observed within this clade.
INTRODUCTION
Phyllosticta species have often been reported as endophytes, plant pathogens or saprobes (Baayen et al. 2002 , GlienkeBlanco et al. 2002 , Okane et al. 2003 , Silva et al. 2008 , Huang et al. 2009 , Wulandari et al. 2009 ). Many Phyllosticta species cause leaf blotch, leaf blight and black spots on fruits of various plants (Glienke-Blanco et al. 2002 , Silva & Pereira 2007 . Species of Phyllosticta s.str. represent anamorphs of Guignardia (Botryosphaeriaceae) (van der Aa & Vanev 2002 , Crous et al. 2006 , Schoch et al. 2009 ). Few studies have to date, however, elucidated the phylogenetic relationships among Phyllosticta species and their Guignardia teleomorphs. The generic concept of Phyllosticta was refined by van der Aa & Vanev (2002) who relocated 2 733 taxa to other coelomycetous genera. However, species concepts within Phyllosticta remain problematic.
Phyllosticta capitalensis was originally described on Stanhopea (Orchidaceae) from Brazil by Hennings (1908) . Okane et al. (2001) reported an endophytic Phyllosticta in ericaceous plants from Japan, to which they attributed the name Phyllosticta capitalensis, describing the teleomorph as a new species, G. endophyllicola. Based on DNA sequence data of the ITS gene, Baayen et al. (2002) concluded that there was a common endophytic species associated with a wide host range of plants, which was similar to G. endophyllicola in morphology. Although several names were available for this species, they attributed the species to G. mangiferae (pathogenic on Mangifera indica (Anacardiaceae) in India), while the anamorph was referred to as P. capitalensis. Although no clear argument was presented for choosing the name G. mangiferae for this fungus, the choice of the anamorph name was based on the fact that two isolates from Orchidaceae (CBS 398.80, CBS 226.77) clustered in this clade. Uncertainty remains, therefore, as to which name applies to this species.
To determine the identity of the Phyllosticta species associated with several hosts including Citrus, Mangifera indica and the Orchidaceae, and to study the phylogenetic relationships among them, fungal isolates were subjected to DNA sequence analysis of the rDNA internal transcribed spacer (ITS1, 5.8S, ITS2) region, and partial translation elongation factor 1-alpha (TEF1), actin (ACT) and glyceraldehyde-3-phosphate dehydrogenase (GPDH) genes.
Species
Strain no. 
MATERIAL AND METHODS

Isolates
A total of 109 Phyllosticta / Guignardia isolates were investigated in the present study (Table 1) . Single monosporic isolates were obtained from each culture prior to DNA sequence analysis. Isolates were obtained from several sources including the CBS Fungal Biodiversity Centre (CBS-KNAW), Utrecht, The Netherlands, the working collection of Pedro Crous housed at CBS (CPC), the LabGeM/UFPR collection, Curitiba, Brazil, the Dutch Quarantine Service (PD), and the Department of Primary Industries (BRIP), Brisbane, Australia. Two isolates (VIC30428 and VIC30556) were obtained from UFG collection, Viçosa, Brazil, and two isolates from the UNESP collection, Jaboticabal, Brazil (G22, Guig1). One strain of G. mangiferae was obtained from CABI Bioscience, UK (IMI 260576).
DNA isolation, amplification and analyses
Genomic DNA extraction was done using the UltraClean™ Microbial DNA Kit (MO Bio, Carlsbad, CA, USA) according to manufacturer's protocol or according to Glienke-Blanco et al. (2002) . The primers V9G (de Hoog & Gerrits van den Ende 1998) and ITS4 (White et al. 1990 ) were used to amplify the internal transcribed spacer region (ITS) of the nuclear ribosomal RNA operon, including the 3' end of the 18S rRNA, the first internal transcribed spacer region, the 5.8S rRNA gene; the second internal transcribed spacer region and the 5' end of the 28S rRNA gene. The primers EF1-728F (Carbone & Kohn 1999) and EF2 (O'Donnell et al. 1998 ) were used to amplify part of the translation elongation factor 1-α gene (TEF1) and the primers ACT-512F and ACT-783R (Carbone & Kohn 1999) were used to amplify part of the actin gene (ACT). Amplification conditions followed Arzanlou et al. (2008) . The primers GDF1 (Guerber et al. 2003) and Gpd2-LM (Myllys et al. 2002) or GDR1 (Guerber et al. 2003) were used to amplify part of the glyceraldehyde-3-phosphate dehydrogenase (GPDH) gene of G. mangiferae s.l. isolates. Amplification reactions were performed under two different conditions, depending on the laboratory in which those specific reactions were performed. The first condition had a total reaction volume of 15.5 μL, which was composed of 1× PCR Buffer (Applied Biosystems, Foster City, USA), 2 mM MgCl 2 , 40 μM dNTPs, 0.08 μM of each forward and reverse primer, 0.5 U of Taq DNA polymerase (Roche Diagnostics, Indianapolis, USA) and 1-10 ng of genomic DNA. The PCR cycle conditions were 4 min of 94 °C, followed by 13 cycles of 94 °C for 30 s, the annealing temperature was decreased in 0.7 for every subsequent set of cycles, 72 °C for 60 s, followed by 23 cycles of 94 °C for 30 s, 56 °C for 30 s, 72 °C for 60 s and a final elongation at 72 °C for 7 min. The second condition had a total reaction volume of 12.5 μL, which was composed of 1× PCR Buffer (Bioline GmbH, Luckenwalde, Germany), 5.6 % DMSO (v/v), 2 mM MgCl 2 , 20 μM dNTPs, 0.2 μM of each forward and reverse primer, 0.25 U of BioTaq Taq DNA polymerase (Bioline GmbH, Luckenwalde, Germany) and 1-10 ng of genomic DNA. The PCR cycle conditions were 5 min of 94 °C, followed by 40 cycles of 94 °C for 30 s, 52 °C for 30 s, 72 °C for 30 s and a final elongation step at 72 °C for 7 min. The partial GPDH gene of G. citricarpa isolates was amplified with the primers GDF1 (Guerber et al. 2003 ) and a primer developed in the present study, GPDHR2 (5'-CTCRGMRGCRGCCTT-GATGG-3'). A 1 000 bp fragment was obtained with this primer combination. Amplification reactions were performed in a final reaction volume of 12.5 μL, which was composed of 1× PCR Buffer (Applied Biosystems, Foster City, USA), 2.5 mM MgCl 2 , 40 μM dNTPs, 0.12 μM of each forward and reverse primer, 0. Consensus sequences were manually aligned using MEGA v4 software (Kumar et al. 2008 ) by inserting gaps. Phylogenetic analyses of the aligned sequence data (no nucleotides were excluded) were performed with PAUP (Phylogenetic Analysis Using Parsimony) v4.0b10 (Swofford 2003) as described previously (Cheewangkoon et al. 2008 
Morphology
Isolates were established on 2 % malt extract agar (MEA), 2 % potato-dextrose agar (PDA), pine-needle agar (PNA; tap water agar with autoclaved pine needles; Crous et al. 2006) and oatmeal agar (OA; Crous et al. 2009c) , and incubated at 25 °C under near-ultraviolet light to promote sporulation. Fungal structures were mounted on glass slides in clear lactic acid for microscopic examination after 14 d of incubation. Thirty measurements were determined per structure, where possible, from colonies sporulating on PNA. Colony colours (surface and reverse) were determined using the colour charts of Rayner (1970) after 1 mo at 25 °C in the dark. Nomenclatural novelties and descriptions were deposited in MycoBank (www.MycoBank. org; Crous et al. 2004) .
RESULTS
Phylogenetic analysis
The manually adjusted combined (ITS, TEF1, ACT and GPDH) alignment contained 105 isolates (including two outgroup sequences) and, of all 1 580 characters used in the phylogenetic analysis, 442 were parsimony-informative, 61 were variable and parsimony-uninformative, and 1 077 were conserved. Distance analyses using the three substitution models on the sequence data yielded trees with identical topology and similar bootstrap values. Only the first 1 000 equally most parsimonious trees were retained, the first of which is shown in Fig. 1 (TL = 932, CI = 0.790, RI = 0.982, RC = 0.776). These trees only differed with regard to the order of the small terminal branches within the well-supported clades (see the thickened strict consensus branches in Fig. 1 ).
Ten well-supported clades could be resolved (Fig. 1) . The first clade consists of the strain VIC30556, which was isolated from leaf and pseudobulb lesions on Bifrenaria harrisoniae (Orchidaceae) in Brazil (Silva et al. 2008 ) and was morphologically identified as Phyllosticta capitalensis by the authors. This isolate, described here as P. bifrenariae sp. nov., caused dark, large spots on orchid leaves, in contrast to the symptoms associated with endophytic isolates (Silva et al. 2008 G. endophylicolla, G. psidii, G. capsici, G. musae, G. vaccini, G. philoprina, G. musarum, Guignardia sp. and P. capitalensis. However, the low sequence homology found between the reference isolate of G. mangiferae (clade 9) (IMI 260576) and clade 10 isolates, strongly supports these as two distinct species (Fig. 1) .
Morphology
Several new species were identified during this study, which are described below. Furthermore, an epitype could also be designated for P. citricarpa based on Citrus collections newly obtained from Australia. Similarly, an epitype could be designated for P. capitalensis, based on fresh collections obtained on Stanhopea from Brazil. Although isolates belonging to clade 10 are all treated as P. capitalensis, some morphological variation was observed in conidium morphology (sheath thickness, appendage length and conidium shape), and growth in culture. Most cultures produced conidia with sheaths more than 2 μm thick, as reported by Baayen et al. (2002) for P. capitalensis. Several isolates also produced a Guignardia state in culture.
Additional genes need to be sequenced to determine if the observed variation in clade 10 is intra-or interspecific. Furthermore, in moving to a single nomenclature for species of Ascomycetes (Rossman & Samuels 2005 , Crous et al. 2006 , 2009a , b, Aveskamp et al. 2010 , Lechat et al. 2010 , Lombard et al. 2010a , the older generic name, Phyllosticta (1818), is chosen above the later Guignardia (1892), which should be regarded as synonym.
Guignardia mangiferae A.J. Roy, Indian Phytopathol. 20: 348. 1968 Type specimen. IndIa, Shitlakhet in Almora, on leaves of Mangifera indica, 9 July 1963, B.S. Khati, holotype HFRS 1056 (could not be obtained for examination).
Colonies on OA. Pycnidia black, aggregated, erumpent, globose to ampulliform, exuding a colourless, glossy conidial mass; pycnidia up to 300 μm diam, 250 μm tall; pycnidial wall consisting of several layers, up to 40 μm thick, of textura angularis. Ostiole single, central, up to 30 μm wide, consisting of thickened, brown cells. Conidiophores subcylindrical to doliiform, frequently reduced to conidiogenous cells, coated in mucoid layer, 6 -15 × 3 -6 μm. Conidiogenous cells terminal, subcylindrical to doliiform, hyaline, smooth, 6-10 × 3-4 μm; proliferating 2-3 times percurrently near apex. Conidia (8-)10-12 × (5-)6-7 μm, solitary, hyaline, aseptate, thin-and smooth-walled, coarsely guttule, ellipsoid to obovoid, tapering toward a narrowly truncate base, enclosed in a mucilaginous sheath, 2-5 μm thick, and bearing a hyaline, mucoid apical appendage, 7-13 × 1-1.5 μm, straight to flexible, unbranched, tapering towards an acute apex. No teleomorph other than ascomatal initials developed in agar (OA, SNA, PDA, MEA, PNA), and the isolate sporulated poorly. Notes -Two other species occurring on Mangifera indica in Brazil need to be discussed. Phyllosticta mangiferae has fusiform, 11-23 × 6-7 μm conidia, resembling the genus Fusicoccum (van der Aa & Vanev 2002) . Phyllosticta anacardiacearum differs from G. mangiferae by having shorter conidiophores, and a narrower sheath, although the conidia are similar in size (van der Aa 1973) . No cultures of P. anacardiacearum are, however, available for study. Because the name Phyllosticta mangiferae is occupied, a new name would have to be proposed for Guignardia mangiferae when it eventually is placed in Phyllosticta. However, because mango has been poorly studied, we choose to wait until more isolates become available.
Phyllosticta bifrenariae O.L. Pereira, C. Glienke & Crous,
sp. nov. -MycoBank MB517969; Fig. 2 Phyllostictae capitalensis similis, sed conidiis maioribus, 10 -16 × 7-9 μm.
Etymology. Named after the host genus from which it was isolated, Bifrenaria.
Colonies on PNA. Pycnidia black, solitary, or arranged in clusters of up to 6, ampulliform, base ovoid, up to 250 μm diam, with elongated subcylindrical neck up to 1 100 μm long, and rounded apex, 180 μm diam; pycnidial wall consisting of several layers, up to 40 μm thick; outer region of dark brown textura angularis to globularis; inner region consisting of 1-2 pale cell layers, that become hyaline toward interior, textura angularis. Ostiole single, central, up to 40 μm wide. Conidiophores reduced to Conidiogenous cells, subcylindrical to ampulliform, hyaline, smooth, 7-10 × 4-5 μm; inconspicuously proliferating once or twice percurrently near apex. Conidia (10-)11-13(-16) × (7-)8-9 μm, solitary, hyaline, aseptate, thin-and smooth-walled, with large central guttule, ellipsoid to ovoid or obovoid, tapering toward a narrowly truncate base, 3-4 μm wide, enclosed in a thick mucilaginous sheath, 3-6 μm thick, and bearing a hyaline, mucoid apical appendage, 6-20 × 1-1.5 μm, straight to flexible, unbranched, tapering towards an acute tip. Spermatia at times forming in conidial conidiomata, hyaline, bacilliform, 5-10 × 1.5-2 μm.
Culture characteristics -Colonies after 14 d at 25 °C in the dark on OA flat, spreading, olivaceous-grey, with moderate aerial mycelium. Notes -Although the isolate now described as P. bifrenariae was originally considered to be representative of P. capitalensis, it is ecologically distinct in being a pathogen on Bifrenaria harrisoniae (Orchidaceae) (Silva et al. 2008) , and is also phylogenetically distinct (Fig. 1) . Morphologically P. capitalensis (conidia (10-)11-12(-14) × (5-)6-7 μm) is distinct by having smaller conidia than P. bifrenariae (10-16 × 7-9 μm). Phyllosticta aplectri, which occurs on Aplectrum hyemale (Orchidaceae, USA), has smaller conidia, 5-8 × 4-6 μm (van der Aa 1973).
Phyllosticta brazilianiae
sp. nov. -MycoBank MB517970; Fig. 3 Phyllostictae anacardiacearum similis, sed endophytice, neque vero phytoparasitice crescenti.
Etymology. Named after the country from which it was collected, Brazil.
Colonies on PNA. Pycnidia black, aggregated, superficial to erumpent, globose to ampulliform, exuding a colourless, glossy conidial mass; pycnidia up to 300 μm diam; pycnidial wall consisting of several layers, up to 40 μm thick; outer region of dark brown, thickened, textura angularis to globularis; inner region up to 20 μm wide, consisting of 1-2 pale cell layers of textura angularis. Ostiole single, central, 5-10 μm wide, consisting of thickened, brown cells. Conidiophores subcylindrical to doliiform, reduced to conidiogenous cells, or with one supporting cell, coated in mucoid layer, 10-20 × 4-5 μm. Conidiogenous cells terminal, subcylindrical to doliiform, hyaline, smooth, 7-15 × 3-4 μm; proliferating 1-3 times percurrently near apex. Conidia (8-)10-11(-12.5) × (5-)6(-7) μm, solitary, hyaline, aseptate, thin-and smooth-walled, coarsely guttulate, ellipsoid to obovoid, tapering toward a narrowly truncate base, enclosed in a thin mucilaginous sheath, 1-2 μm thick, and bearing a hyaline, mucoid apical appendage, (5-)8-10(-15) × 1.5-2 μm, straight to flexible, unbranched, tapering towards an acute apex.
Culture characteristics -Colonies after 14 d at 25 °C in the dark on OA flat, spreading, olivaceous-grey, becoming pale olivaceous-grey towards the margin, with moderate aerial mycelium. Notes - Van der Aa (1973) introduced the name Phyllosticta anacardiacearum as a nom. nov. for Phyllostictina mangiferae occurring on mango in Brazil. The name Phyllosticta mangiferae was found to be a species of Fusicoccum, while Phyllosticta mortonii, occurring on mango in Mexico, was thought to be a species of Phoma (van der Aa & Vanev 2002). While no authentic material could be located for Phyllosticta anacardiacearum, it was originally described from subcircular to angular leaf spots, reaching 1 cm diam, surrounded by a red-purple margin. The same was also found to be the case when van der Aa (1973) redescribed the fungus from a specimen collected on Mangifera indica in Miami. The species described here as P. brazilianae is ecologically distinct from P. anacardiacearum being an endophyte, and failing to induce leaf spots despite repeated inoculations on mango. Henn., Hedwigia 48: 13. 1908 - Fig. 4 Colonies on OA. Ascomata erumpent, in section globose to pyriform, often irregularly shaped, unilocular, central ostiole forming by dehiscence when mature, up to 250 μm diam. Peridium comprising three strata, an outer stratum of thickwalled, small-lumened, brown textura angularis, becoming thin-walled with larger lumina in the middle layer, inner layer of thin-walled, hyaline textura angularis, altogether 14 -45 μm thick. Asci attached to the basal peridium, clavate, with a wide, slightly squared apex, tapering gradually to a small pedicel, bitunicate, with a well-developed ocular chamber, 8-spored, 58-80 × 11-15 μm. Ascospores limoniform, sometimes slightly elongated, aseptate, hyaline, thick-walled, refractive, with a large central guttule and large mucilaginous polar appendages, overlapping biseriate, 15 -17 × 5 -6 μm, 3.5 μm wide at each end. Pycnidia black, aggregated, erumpent, globose to ampulliform, exuding a colourless, glossy conidial mass; pycnidia up to 300 μm diam, 250 μm tall; pycnidial wall consisting of 6-8 layers, up to 40 μm thick, of textura angularis. Ostiole single, central, 5-15 μm diam. Conidiophores subcylindrical to ampulliform, frequently reduced to conidiogenous cells, or branching from a basal supporting cell, coated in mucoid layer, 7-20 × 3-7 μm. Conidiogenous cells terminal, subcylindrical to ampulliform to doliiform, hyaline, smooth, 7-10 × 3-5 μm; proliferating 1-2 times percurrently near apex. Conidia (10 -)11-12(-14)
Phyllosticta capitalensis
× (5-)6-7 μm, solitary, hyaline, aseptate, thin-and smoothwalled, coarsely guttule, ellipsoid to obovoid, tapering toward a narrowly truncate base, enclosed in a mucilaginous sheath, 2-4 μm thick, and bearing a hyaline, mucoid apical appendage, 6-8 × 1-1.5 μm, straight to curved, unbranched, tapering towards a bluntly rounded apex. Notes -Phyllosticta capitalensis is the name proposed for the isolates in clade 10 (formerly incorrectly referred to as Guignardia mangiferae; Baayen et al. 2002) , representing a taxon that is frequently isolated as endophyte, and has a wide host range and geographic distribution.
Phyllosticta citribraziliensis C. Glienke & Crous, sp. nov. -MycoBank MB517971; Fig. 5 Phyllostictae citricarpae similis, sed conidiis maioribus, 10 -16 × 5 -8 μm.
Etymology. Named after the host (Citrus) and country from which it was isolated, Brazil.
Colonies on PNA. Pycnidia black, solitary, erumpent, globose, exuding colourless to opague conidial masses; pycnidia up to 250 μm diam; pycnidial wall consisting of several layers, Notes -Although isolates occurring on Citrus have in the past been treated as representative of P. spinarum (Stringari et al. 2009 ), they are phylogenetically distinct (Fig. 1) , and can also be distinguished morphologically by having larger conidia (8-)10-12(-13) × 6-7(-8) μm than the type of P. spinarum (8-)9.8(-12) × (6-)6.6(-7) μm; Nag Raj & Morelet 1997). Furthermore, P. citribraziliensis also has branched conidiophores, a thick mucilaginous sheath surrounding its conidia (2-4 μm), whereas those in P. spinarum are reduced to conidiogenous cells, and the sheath is 1-2 μm thick (Nag Raj & Morelet 1997).
Phyllosticta citricarpa (McAlpine) Aa, Stud. Mycol. 5: 40.
1973. -Fig. 6 Basionym. Colonies on OA. Pycnidia black, aggregated, superficial to erumpent, globose to ampulliform, exuding a colourless, opaque conidial mass; pycnidia up to 250 μm diam; pycnidial wall consisting of several layers, 20 -50 μm thick; outer region of dark brown, thickened, textura angularis to globularis; inner region consisting of 1-2 pale cell layers of textura angularis. Ostiole single, central, 10 -15 μm wide, consisting of thickened, brown cells. Conidiophores subcylindrical to doliiform, reduced to conidiogenous cells, or branched from a supporting cell, coated in mucoid layer, 10 -20 × 4 -7 μm. Conidiogenous cells terminal, subcylindrical to somewhat doliiform, hyaline, smooth, 7-12 × 3-4 μm; proliferating 1-2 times percurrently near apex. Conidia (10-)11-12(-14) × (6-)7(-8) μm, solitary, hyaline, aseptate, thin-and smooth-walled, coarsely guttulate, ellipsoid to obovoid, tapering toward a narrowly truncate base, enclosed in a thin mucilaginous sheath, 1(-2) μm thick, and bearing a hyaline, mucoid apical appendage, 5-10(-17) × 1-1.5 μm, straight to flexible, unbranched, tapering towards an acute apex.
Culture characteristics -Colonies after 14 d at 25 °C in the dark on OA flat, spreading, olivaceous-grey, becoming pale olivaceous-grey towards the margin, with sparse to moderate aerial mycelium; surrounded by a diffuse yellow pigment in the agar medium. Notes -The most characteristic features of P. citricarpa are the narrower sheaths (1(-2) μm thick), compared to that of P. capitalensis (2-3 μm thick), and the yellow pigment that diffuses into the agar when isolates of P. citricarpa are cultivated on oatmeal agar.
DISCUSSION
The present study aimed to resolve the taxonomy of the Phyllosticta species occurring on Citrus, either as pathogens, or as harmless endophytes. In the process we also had to resolve the status of the common endophytic taxon with a known wide host range and geographic distribution. Several names have in the past been linked to this taxon, including Guignardia mangiferae and Phyllosticta capitalensis. By obtaining reference strains considered authentic for these names, we could show that G. mangiferae is a distinct taxon from P. capitalensis, and that P. capitalensis is the name to be used for this cosmopolitan endophyte (clade 10, Fig. 1 ). In the process we also designated epitypes for P. capitalensis and P. citricarpa, described a novel species on orchids in Brazil as P. bifrenariae, one on Citrus as P. citribraziliensis, and another on Mangifera indica as P. brazilianiae.
Several species of Phyllosticta are now known to occur on Citrus, namely P. citriasiana, which is a pathogen of C. maxima, causing tan spot in Asia (Wulandari et al. 2009 ), P. citricarpa, which causes Citrus Black Spot in many countries, and is of quarantine concern (Baayen et al. 2002) , P. citribraziliensis, which is an endophyte on Citrus in Brazil, and P. capitalensis, which is a wide host range endophyte, that also occurs on Citrus. 
c b a
Although the genus Phyllosticta has received much taxonomic attention of late (refs) , very few phylogenetic studies have thus far been conducted, and hence the taxonomy of this group is still problematic. Due to the lack of reference strains, and the fact that few gene loci other than ITS have thus far been used for DNA analysis, most of the conclusions reached thus far have been incorrect, meaning that published literature will have to be interpreted with care. Furthermore, in spite of the multigene approach taken in the present study, some morphological variation is still present among isolates treated here as P. capitalensis (clade 10), and more gene loci need to be investigated to confirm whether this is indeed a single taxon. Further studies are presently underway to address this issue.
Guignardia mangiferae was first described on Mangifera indica in India (Roy 1968) , but the type specimen has not been available for study. In spite of the reference isolate (IMI 260576) being genetically distinct from others in the P. capitalensis clade (Fig. 1) , this isolate proved to only form the anamorph in culture. Furthermore, no cultures are available for the plant pathogenic species, P. anacardiacearum, which we regard as distinct from the common endophyte for which the name P. brazilianiae has been introduced. This situation on mango is similar to the one on Citrus, where the plant pathogenic species are represented by P. citricarpa and P. citriasiana, and the endophytic strains by P. citribraziliensis and P. capitalensis. Despite the large production of mango in Brazil, the Phyllosticta leaf spot disease has not been found in commercial orchards, and it is possible that the species is either distinct, or vary rare, and not occurring on commercial cultivars. To help clarify the relationship of endophytic Phyllosticta spp. and their hosts, pathogenicity tests similar to those performed for endophytes of Musa acuminata (Photita et al. 2004) , must be conducted on a range of different hosts in future studies.
